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(54) FUEL REFORMING SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a start-up 
method for a fuel reforming system which can start in a 
short time while avoiding hydrogen embrittlement. 
SOLUTION: The fiiel reforming system is provided with a 
membrane reactor 2 formed of a reforming catalyst part 4 
to carry out a reforming reaction of a supplied fiiel gas, a 
hydrogen separation membrane 5 and a hydrogen path 6 
for taking hydrogen out of a reforming gas and a 
combustion catalyst part 3 to heat the reforming catalyst 
part 4 by combustion of a discharged gas and a fuel; a 
combustor 14 to generate a combustion gas for heating the 
membrane reactor 2; and a means 16, 17 for detecting or 
estimating a temperature of the hydrogen separation 
membrane 5. The combustion gas is supplied to at least 
one of the reforming catalyst part 4 and the hydrogen path 
6 in the membrane reactor 2 at start-up, and when the 
temperature of the hydrogen separation membrane 5 
reaches a predetermined value or higher, the supply of the 
combustion gas is stopped and the reforming reaction is 
initiated. 
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CLAIMS 



1. A hydrodynamic bearing with four lobes (L1, L2, L3, L4) with 
centers of curvature excentered relatively to its geometrical center, said lobes 

5 (L1 , L2, L3, L4) being separated by oil feed grooves (5, 6, 7, 8), 

characterized in that the lobes (L1, L2, L3, L4) are dissymmetrical and have: 
angular apertures of at least two different values; 
at least two different eccentricities relatively to the geometrical 
center (O) of the bearing; 
10 the centers (01, 03; 02. 04) of two opposite lobes (L1, L3; L2, L4) being 
aligned with the geometrical center (O) of the bearing, 

2. The hydrodynamic bearing with four lobes (L1, L2, L3, L4) 
according to the preceding claim, characterized in that the lobes (L1, L2, L3, 
L4) have at least two different axial widths. 

15 3. The hydrodynamic bearing with four lobes (LI, L2, L3, L4) 

according to the preceding claim, characterized in that, for a shaft centered at 
the geometrical center (O) of the bearing, the points with minimum play of 
two opposite lobes (LI, L3; L2, L4) are aligned with the geometrical center 
(O) of the bearing. 

20 4. The hydrodynamic bearing with four lobes (LI, L2, L3, L4) 

according to any of the preceding claim, characterized in that the points with 
minimum play of the four lobes (LI , L2, L3, L4). when the shaft is centered at 
the geometrical center (O) of the bearing, are located on a circle (9), the 
diameter of which corresponds to the assembly diameter of the bearing. 

25 5. The hydrodynamic bearing with four lobes (LI, L2, L3, L4) 

according to any of the preceding claim, characterized in that it consists of 
two half-shells (10, 1 1) with an angular aperture of 180*^. 

6. The hydrodynamic bearing with four lobes (LI, L2, L3, L4) 
according to the preceding claim, characterized in that it includes two lobes 

30 (L1, L2; L3, L4) and two grooves (5. 8; 6, 7) per half-shell (10, 11). 
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* NOTICES * 

JPO and ZNPXT are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A refomiing catalyst part which performs a refomiing reaction of supplied fiiel gas. 

Hydrogen separation membrane and a hydrogen path which take out hydrogen in reformed gas. 

A fihn reactor which comprised a combustion catalyst part which heats a refomiing catalyst part. 

A burner which generates combustion gas which heats said film reactor. 

A means to detect or guess temperature of said hydrogen separation membrane. 

When it is the fuel reforming system provided with the above, combustion gas is supplied to at least 

one side of said reforming catalyst part and said hydrogen path at the time of starting and 

temperature of said hydrogen separation membrane becomes beyond a predetermined value, supply 

of combustion gas is suspended and a refomiing reaction is started. 

[Claim 2]The fuel reforming system according to claim 1 which supplies combustion gas to said 
reforming catalyst part and said hydrogen path at the time of a system startup. 
[Claim 3]The fuel refomiing system according to claim 2 which supplies combustion gas to said 
combustion catalyst part at the time of a system startup. 

[Claim 4] A fuel reforming system of any one description of three from Claim 1 which makes 
combustion gas supplied to said film reactor lean combustion gas at the time of a system startup. 
[Claim 5]The fuel reforming system according to claim 2 or 3 which supplies lean combustion gas 
generated by supplying rich combustion gas generated with said burner to said combustion catalyst 
part at the time of a system startup, and performing lean combustion to a reforming catalyst part and 
a hydrogen path of said film reactor. 

[Claim 6] A fiiel reforming system of any one description of five fi"om Claim 2 changed according to 
a portion which supplies combustion gas to said film reactor, and introduces the flow at the time of a 
system startup. 

[Claim 7]The fuel reforming system according to claim 3 which makes a flow of combustion gas 
supplied to said hydrogen path less than said reforming catalyst part and said combustion catalyst 
part at the time of a system startup. 

[Claim 8]The fuel reforming system according to claim 3 or 7 which makes a passage diameter of 
combustion gas to said hydrogen path smaller than a passage diameter of combustion gas to said 
reforming catalyst part and said combustion catalyst part. 

[Claim 9]A fuel reforming system of any one description of eight fi*om Claim 1 which sets up highly 
temperature of said hydrogen separation membrane which said fuel reforming system is provided 
with a means to detect or presume a pressure in said film reactor, and starts a reforming reaction, so 
that a pressure of said film reactor is high. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial ApplicationJThis invention relates to a fuel reforming system. 

[0002] 

[Description of the Prior Art] As a fiiel reforming system which applied the conventional film reactor, 
The membrane type hydrogen generating machine which takes out the hydrogen which caused the 
partial oxidation reaction and the water gas shift reaction of fuel, and was generated by making a 
hydrogen permeable film penetrate, The air feed which is made to mix cathode emission gas and fuel 
gas, and is supplied to a hydrogen generating machine, It is considered as a system configuration 
provided with the steam separator which separates a steam from cathode emission gas and is 
supplied to a hydrogen generating machine by making a steam into sweep gas with a water- vapor- 
permeation film, and it is supposed at the time of starting of a system that the following control is 
performed. 

[0003]First, the compressor for making high the pressure of the fan for supplying air to a fuel cell 
and the hydrogen pole of a fuel cell is started, over humidity of fuel is performed in advance of the 
fuel supply from a fuel sovu-ce, and the compressor for heightening the pressure in a hydrogen 
generating machine after that is started. The fuel gas supplied from the fuel source flows into a 
hydrogen generating machine with the cathode emission gas containing oxygen and the steam which 
are supplied from air feed, after being preheated by remaining-heat heat exchange. The fuel 
reforming system which applied the film reactor which performs control at the time of such starting 
is shown in JP,2000-135336,A. 
[0004] 

[Problem(s) to be Solved by the Invention]However, in the fuel reforming system which applied 
such a film reactor, in order to supply fuel in the state where the temperature of hydrogen separation 
membrane is falling at the time of starting of a system, while hydrogen occurs by a reforming 
reaction, hydrogen will be supplied to low-temperature hydrogen separation membrane. Therefore, 
embrittlement occurs in hydrogen separation membrane and there is a problem that permeation 
performance will fall. 

[0005]In order to solve the above problems, this invention avoids hydrogen embrittlement and an 
object of this invention is to provide the fuel reforming system which can start a system in a short 
time. 
[0006] 

[Meeins for Solving the Problem]A reforming catalyst part which performs a reforming reaction of 
fuel gas with which the 1st invention was supplied, A film reactor which comprised hydrogen 
separation membrane and a hydrogen path which take out hydrogen in reformed gas, and a 
combustion catalyst part which heats a reforming catalyst part, In a fuel reforming system provided 
with a burner which generates combustion gas which heats said film reactor, and a means to detect or 
guess temperature of said hydrogen separation membrane. When combustion gas is supplied to at 
least said reforming catalyst part of said film reactor, and one side of said hydrogen path at the time 
of starting and temperature of said hydrogen separation membrane becomes beyond a predetermined 
value, supply of combustion gas is suspended and a reforming reaction is started. 
[0007]The 2nd invention supplies combustion gas to said reforming catalyst part and said hydrogen 
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path in the 1st invention at the time of a system startup. 

[0008]The 3rd invention supplies combustion gas to said combustion catalyst part in the 2nd 
invention at the time of a system startup. 

[0009]The 4th invention makes combustion gas suppHed to said film reactor lean combustion gas in 
any one invention of the 1st to 3 at the time of a system startup. 

[0010]The 5th invention supplies lean combustion gas generated by supplying rich combustion gas 
generated witii said burner to said combustion catalyst part, and performing lean combustion to a 
reforming catalyst part and a hydrogen path of said fihn reactor in an invention of the 2nd or 3 at the 
time of a system startup. 

[001 l]In any one invention of the 2nd to 5, at the time of a system startup, the 6th invention supplies 
combustion gas to said film reactor, and changes it into it according to a portion which introduces the 
flow. 

[0012]The 7th invention makes a flow of combustion gas supplied to said hydrogen path less than 
said reforming catalyst part and said combustion catalyst part in the 3rd invention at the time of a 
system startup. 

[0013]The 8th invention makes a passage diameter of combustion gas to said hydrogen path smaller 
than a passage diameter of combustion gas to said reforming catalyst part and said combustion 
catalyst part in the 7th invention. 

[0014]Said fuel reforming system is provided with a means to detect the 9th invention in any one of 
the inventions of eight firom the 1st, or to presume a pressure in said film reactor, and it sets up 
highly temperature of said hydrogen separation membrane which starts a reforming reaction, so that 
a pressure of said film reactor is high. 
[0015] 

[Function and Effect]In the 1st invention, combustion gas is supplied to a film reactor at the time of 
starting of a system, if the temperature of hydrogen separation membrane becomes beyond a 
predetermined value, supply of combustion gas will be suspended, and a reforming reaction is 
started. 

Therefore, hydrogen will be supplied to the hydrogen separation membrane of a cold condition, and 
it becomes possible to avoid the fall of the hydrogen permeation performance by hydrogen 
embrittlement. 

[001 6] According to the 2nd invention, it can write with supplying combustion gas to the reforming 
catalyst part and hydrogen path of a film reactor at the time of a system startup, and temperature up 
with prompt hydrogen separation membrane can be performed. As a result, while avoiding hydrogen 
embrittlement, the temperature of hydrogen separation membrane can shorten time, i.e., time xmtil it 
starts a reforming reaction, until it results in a predetermined value,, and can improve the starting 
nature of a system. 

[0017]In the 3rd invention, at the time of starting of a system, it can write with supplying 
combustion gas to the combustion catalyst part of a film reactor, and all the passages in a film reactor 
can be heated simultaneously. 

Therefore, the heat distortion by the temperature gradient in a film reactor, etc. are avoided, and 
endurance can be improved. 

[00 18] According to the 4th invention, at the time of a system startup, it writes that the combustion 
gas supplied to a film reactor is lean combustion gas, and it becomes possible to avoid the start of a 
reforming reaction certainly and to prevent the hydrogen embrittlement of hydrogen separation 
membrane. 

[00 19] According to the 5th invention, at the time of a system startup, the rich combustion gas 
generated with the burner is supplied to the combustion catalyst part of a film reactor, lean 
combustion is performed, it can write with supplying the lean combustion gas which this produced to 
the refomiing catalyst part and hydrogen path of a film reactor, and temperature up can be performed 
promptly. While avoiding the start of a reforming reaction certainly and preventing hydrogen 
embrittlement, the heat distortion by the temperature gradient in a film reactor, etc. can be avoided 
by heating all the passages in a film reactor almost simultaneous, and endurance can be improved. 
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[0020]According to the 6th invention, at the time of starting of a system, supply combustion gas to a 
film reactor and it writes with changing according to the portion which introduces the flow. While 
avoiding hydrogen embrittlement by the efficient temperature up in each part becoming possible by 
changing a flow according to the pressure loss of each passage in a film reactor, and performing 
temperature up with prompt hydrogen separation membrane. The heat distortion by the temperature 
gradient in a film reactor, etc. can be avoided by overheating all the passages in a film reactor almost 
simultaneous, and endurance can be improved. 

[0021] According to the 7th invention, at the time of starting of a system, supply combustion gas to a 
film reactor and it writes with making the flow to the hydrogen path of a film reactor less than a 
reforming catalyst part and a combustion catalyst machine. It becomes possible to supply the flow 
according to the increase in the pressure loss in a reforming catalyst part and combustion catalyst 
part including a catalyst base material and the supported catalyst. Therefore, the efficient temperature 
up in each part becomes possible, while avoiding hydrogen embrittlement by performing temperature 
up with prompt hydrogen separation membrane, the heat distortion by the temperature gradient in a 
film reactor, etc. can be avoided by heating all the passages in a film reactor almost simultaneous, 
and endurance can be raised. 

[0022] At the time of starting of a system, the 8th invention supplies combustion gas to a film reactor, 
and writes with making the passage diameter to the hydrogen path of a film reactor smaller than the 
passage diameter of a reforming catalyst part and a combustion catalyst part, By changing a flow 
according to the pressure loss of each passage in a film reactor, the efficient temperature up in each 
part becomes possible. Temperature up with prompt hydrogen separation membrane can be 
perforaied by this, the heat distortion by the temperature gradient in a film reactor, etc. are avoided 
by heating all the passage almost simultaneous in a film reactor, while avoiding hydrogen 
embrittlement, and it becomes possible to raise endurance. 

[0023] According to the 9th invention, the temperature of the hydrogen separation membrane which 
starts a reforming reaction is highly set up, so that the pressure in a fibn reactor is high. Therefore, 
although the temperature limitation which hydrogen embrittlement generates at the time of a pressure 
buildup also becomes high, hydrogen embrittlement is certainly avoidable by setting up highly the 
temperature which starts a reforming reaction in connection with it. 
[0024] 

[Embodiment of the Invention] Drawing 1 shows the outline of the fixel reforming system in a 1st 
embodiment. 

[0025]The fiiel reforming system of this embodiment comprises fimdamentally the evaporator 1 for 
generating reformed gas, the film reactor 2 for generating pure water matter, the fiiel cell 7 generated 
according to electrochemical reaction, and the bumer 14 for warming up a system. 
[0026] Said film reactor 2 consists of tiie hydrogen paths 6 for taking out the hydrogen which 
penetrated the hydrogen separation membrane 5 and was separated from the refomiing catalyst part 4 
in which a reforming reaction is performed, the combustion catalyst part 3 which supplies heat 
required for a reforming reaction, and the reforming catalyst part 4. The thermometer 16 and the 
pressure gauge 17 are installed in the hydrogen separation membrane 5. 

[0027]Heat exchange with the combustion gas which supplies the hydrocarbon system fiiel and 
water for generating reformed gas to the evaporator 1, and is supplied from the combustion catalyst 
part 3 of the film reactor 2 generates the fiiel gas which is the mixed vapor of hydrocarbon system 
fiiel and water. Fuel gas is introduced into the reforming catalyst part 4 of the fihn reactor 2, and the 
reforming reaction of fiiel gas is performed by performing heat exchange with the combustion 
catalyst part 3. A selection penetration will be carried out by the hydrogen separation membrane 5, 
hydrogen in the generated reformed gas will be supplied to the fiiel cell 7 through the hydrogen path 
6, and electromotive force will be acquired according to electrochemical reaction. Excessive 
hydrogen is discharged from the fiiel cell 7, and is supplied to the combustion catalyst part 3 of the 
film reactor 2. 

[0028]The reforming reaction of hydrocarbon system fiiel is performed in the reforming catalyst part 
4 of the film reactor 2. As fuel gas, although methanol, gasoline, natural gas, etc. are used, the steam 
reforming reaction at the time of using methanol as fiiel gas here is explained. When carrying out 
steam refonning of the methanol, the methanolysis reaction shoAvn by a formula (1) and CO 
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conversion reaction shown in a formula (2) advance simultaneously, and a reaction is expressed with 
the reaction formula of a formula (3) as a whole. Here, the reaction of a formula (2) is called a water 
gas shift reaction. 
[0029] 

t Formula 1] 
:H90H CO+2Hj-90. 0 (kj/mol) (1) 
CO + H2O COa-fHj+4 0. 5 (kj/mol) (2) 

CHsOH + HaO COa+3Ha-4 9. 5 (kj/mol) (3) 

The fuel cell 7 transforms the chemical energy of fuel into electrical energy directly, without passing 
through mechanical energy or thermal energy. As a usual gestalt, the electrode of a couple is 
arranged across an electrolyte layer, while supplying the gas which contained hydrogen in one 
electrode (negative pole — it is called an anode), the gas which contained oxygen in the electrode 
(anode — it is called a cathode) of another side will be supplied, and electromotive force will be 
acquired using the electrochemical reaction which occurs with two electrodes. The formula showing 
the electrochemical reaction which occvirs in below with the fuel cell 7 is shown. 
[0030] 
[Formula 2] 

Ha 2H''-f2e- (4) 

(1/2) Oa+2H-^H-2e- -* H^O (5) 
H^H- (1/2) O2 - H^O (6) 

A formula (4) will express the reaction by the side of the negative pole, and the reaction by the side 
of the anode of a formula (5) here, and the reaction shown in a formula (6) as the fuel cell 7 whole 
will advance. 

[0031]The fuel cell 7 of this embodiment which has acquired electromotive force according to such 

electrochemical reaction is a polymer electrolyte fuel cell. 

It has the catalyst of the platinum etc. which are promoting the cell reaction. 

However, when CO is contained in the supplied gas, this CO will stick to a platinum catalyst, will 
reduce the function as a catalyst, will check the reaction in the anode shown in the formula (4), £ind 
will check the performance of the fuel cell 7. Therefore, in generating electricity with a solid 
polymer type fuel cell like the fuel cell 7, it is necessary to reduce CO in the gas supplied using CO 
elimination means of CO removal machine or hydrogen-separation-membrane 5 grade below to a 
predetermined value, and to prevent the fall of battery capacity. In such a solid polymer type fuel cell 
7, the acceptable value of the CO concentration in the gas supplied is usually about tens of ppm. 
[0032]However, in a fuel reforming system which uses the hydrogen separation membrane 5 as a CO 
elimination means, in order to supply fuel in the state where the temperature of the hydrogen 
separation membrane 5 is falling at the time of a system startup, while hydrogen occxirs by a 
reforming reaction, hydrogen will be supplied to the low-temperature hydrogen separation 
membrane 5. Therefore, hydrogen embrittlement occurs and there is a problem that the permeation 
performance of the hydrogen separation membrane 5 will fall. 

[0033]In order to solve such a problem, in order to carry out temperature up of the hydrogen 
separation membrane 5 quickly at the time of starting of a fuel reforming system, by this 
embodiment, the combustion gas generated with the burner 14 is supplied to the combustion catalyst 
part 3 of the film reactor 2, the reforming catalyst part 4, and the hydrogen path 6, respectively. 
Therefore, the combustion gas passage 8 which supplies the passage which supplies combustion gas 
to the fibn reactor 2 from the bumer 14 from the middle to the combustion catalyst part 3 provided 
with the control-of-flow valve 9, It branches to three passages of the combustion gas passage 12 
supplied to the combustion gas passage 10 supplied to the reforming catalyst part 4 provided with the 
control-of-flow valve 11, and the hydrogen path 6 provided with the control-of-flow valve 13. 
[0034]. In order to supply heat required for evaporation. Via the switch valve 21 from the middle of 
the combustion part flueway 1 8 which supplies the emission gas from the combustion catalyst part 3 
to the evaporator 1, the reformed gas passage 22 which supplies the exhaust gas from the reforming 
catalyst part 4 to the combustion catalyst part 3, and the hydrogen supply passage 19 which supplies 
hydrogen to a fuel cell from the hydrogen path 6. The branched combustion-gas-exhaust passage 20 
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is formed, and it is considered as the flueway of the combustion gas used for the temperature up of 
the hydrogen separation membrane 5 at the time of starting. 

[0035] Although the above components constitute this fuel reforming system, the control unit 15 
performs control of each valve from the measurement result by the system startup command, the 
thermometer 16, and the pressure gauge 17 from the outside. 

[0036] At the time of starting of such a fuel reforming system, the combustion gas generated with the 
burner 14 is supplied to the combustion catalyst part 3 of the film reactor 2, the reforming catalyst 
part 4, and the hydrogen path 6 through the combustion gas passage 12 to the combustion gas 
passage 8, and the combustion gas passage 10 and the hydrogen path 6 to the reforming catalyst part 
4 to the combustion catalyst part 3. Since the combustion gas supplied here is made into the lean 
combustion gas which does not include fuel so that hydrogen may not occur by a reforming reaction 
in the reforming catalyst part 4, it can prevent the hydrogen embrittlement of the hydrogen 
separation membrane 5. Thus, it becomes possible to carry out temperature up of the hydrogen 
separation membrane 5 promptly, and to raise the starting nature of a system by supplying 
combustion gas. The temperatxire and the pressure of the hydrogen separation membrane 5 which 
were measured with the thermometer 16 and the pressure gauge 17 are monitored by the control unit 
15, If the temperature of the hydrogen separation membrane 5 reaches a predetermined value, supply 
to the film reactor 2 of combustion gas will be suspended, the fuel gas generated with the evaporator 
1 in the reforming catalyst part 4 is supplied, and a reforming reaction is started. 
[0037]Thus, the purpose of starting a reforming reaction when the temperature of the hydrogen 
separation membrane 5 reaches a predetermined value is to avoid the hydrogen embrittlement of the 
hydrogen separation membrane 5. The hydrogen embrittlement of the hydrogen separation 
membrane 5 is in the tendency which is easy to generate when hydrogen is supplied under low 
temperature and high pressure force. Although the field which hydrogen embrittlement generates to 
temperature and a pressure is shown in drawing 2, when temperature is high, also in this figure, it is 
in the tendency which hydrogen embrittlement generates at least 200 degrees, for example at 5 
atmospheres under high pressure force, so that clearly. 

[003 8] On the other hand, if the temperature which the thermometer 16 installed in the hydrogen 
separation membrane 5 at the time of starting of this fuel reforming system measured reaches a 
predetermined value, generation of hydrogen by a reforming reaction will start a reforming reaction, 
in order to break out also at a comparatively low temperature (100 **). The pressure measured with 
the pressure gauge 17 installed in the hydrogen separation membrane 5 at this time is also 
simultaneously taken into consideration, and when a pressure is high, it becomes possible to avoid 
hydrogen embrittlement certainly by setting up highly the temperature of the hydrogen separation 
membrane 5 which starts a reforming reaction. 

[0039]In order to carry out temperature up of the hydrogen separation membrane 5, it is thought 
most effective to supply combustion gas to the reforming catalyst part 4 and the hydrogen path 6, 
but. Temperature up will be carried out with the whole film reactor 2 by supplying the combustion 
catalyst part 3 simultaneously, therefore distortion of the heat by generating of the temperature 
distribution in the film reactor 2, etc. will be controlled, and the effect of raising the endurance of the 
film reactor 2 will be acquired. 

[0040] When the combustion gas generated with the bumer 14 is supplied to the combustion catalyst 
part 3 of the fihn reactor 2, the reforming catalyst part 4, and the hydrogen path 6, The flow of the 
combustion gas supplied to each part by the control-of-flow valve 9 to the combustion catalyst part 
3, the control-of-flow valve 1 1 to the reforming catalyst part 4, and the control-of-flow valve 13 to 
the hydrogen path 6 is controlled. The catalyst is supported by the combustion catalyst part 3 and the 
reforming catalyst part 4, and support, such as a fin, is inserted. Therefore, it is being in the tendency 
which increases as pressure loss of a channel, making a supply flow rate increase to these portions, 
and decreasing the amoxmt of supply to the hydrogen path 6 with little pressxire loss, and the supply 
flow rate of each part is made to equalize, and it becomes possible to realize the increase in 
efficiency of temperature up. such an effect will be acquired also by changing the passage diameter 
of the combustion gas passage 12 to the combustion gas passage 8, and the combustion gas passage 
10 and the hydrogen path 6 to the reforming catalyst part 4 to the combustion catalyst part 3. That is, 
the passage diameter of the combustion gas passage 8 to the combustion catalyst part 3 and the 
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combustion gas passage 10 to the reforming catalyst part 4 is set up become larger than the passage 
diameter of the combustion gas passage 12 to the hydrogen path 6. 

[0041]The flow chart of the control performed by the controller 15 at the time of starting of this fuel 
reforming system is shown in drawing 3 . 

[0042]If starting of a fuel reforming system is started, the temperature and the pressure of the 
hydrogen separation membrane 5 will be first detected using the thermometer 16 and the pressure 
gauge 17 at Step S301, It progresses to Step S302 and the lookup of the temperature acquired at Step 
S301 in the temperature and the pressure map in drawing 2 and a pressure is performed. Next, it 
progresses to Step S303 and the temperature and the pressure which were measured judge whether it 
is a use improper field which hydrogen embrittlement generates, or it is an usable field which 
hydrogen embrittlement does not generate by operation performed at Step S302. 
[0043]When it is a use improper field at Step S303, it progresses to Step S304, and it changes fi^om 
the fuel cell 7 side to the combustion-gas-exhaust passage 20, and combustion gas is made not to be 
supplied to the fuel cell 7 with the switch valve 21. This is for preventing the catalyst of platinum 
etc. deteriorating, when CO has a slight quantity ** rare ****** case and supplies combustion gas 
into combustion gas at the fuel cell 7. Next, it progresses to Step S305, fuel and air are supplied to 
the bumer 14, and lean combustion is performed. Next, it progresses to Step S3 06, the control-of- 
flow valve 9 to the combustion catalyst part 3, and the control-of-flow valve 1 1 to the reforming 
catalyst part 4 and the control-of-flow valve 13 to the hydrogen path 6 are opened wide, and film 
reactor 2 lean-combustion gas is supplied. 

[0044]Thus, supply to the film reactor 2 of combustion gas performs temperature up of the hydrogen 
separation membrane 5, When the temperature and the pressure of the hydrogen separation 
membrane 5 arrive at the field, i.e., the usable field of drawing 2 , which does not generate hydrogen 
embrittlement, It progresses to Step S3 07, the control-of-flow valve 9 to the combustion catalyst part 
3, and the control-of-flow valve 1 1 to the reforming catalyst 4 and the control-of-flow valve 13 to the 
hydrogen path 6 are blockaded, the fuel and the air supply to the bumer 14 are stopped, and supply 
of the combustion gas to the fihn reactor 2 is suspended. Then, fuel is supplied to the evaporator 1 at 
Step S308, the evaporated fuel gas is supplied to the reforming catalyst part 4 of the fihn reactor 2, 
and a reforming reaction is performed. Finally, at Step S309, by changing the switch valve 21 to the 
fuel cell 7 side, the hydrogen generated and separated with the fihn reactor 2 will be suppUed to the 
stack 7, and power generation will be performed with the air by which the supply start was carried 
out. 

[0045]Thus, at the time of starting of a fiiel reforming system, the time which can avoid hydrogen 
embrittlement by using the combustion gas generated by lean combustion for warming up of the film 
reactor 2, and starting takes can be shortened. 
[0046]Next, a 2nd embodiment is described. 

r00471 Drawing 4 shows the outline of the fuel reforming system in a 2nd embodiment. The 
combustion gas passage where a different point fi-om a 1st embodiment is prolonged fi:om the burner 
14 to the film reactor 2 in a 2nd embodiment does not branch, but comprises the combustion gas 
passage 8 to the combustion catalyst part 3. The combustion gas passage which extends fi-om the 
combustion catalyst part 3 on the other hand branches to the combustion gas passage 1 1 to the 
reforming catalyst part 4, and the combustion gas passage 13 to the hydrogen path 6, 
[0048]Next, the operation in a 2nd embodiment is described. In this embodiment, the combustion 
gas generated with the biimer 14 is suppUed to the combustion catalyst part 3 of the fihn reactor 2 
through the combustion gas passage 8 at the time of starting of a fuel reforming system. Let the 
combustion gas supphed here be the rich combustion gas having contained fiiel so that combustion 
may take place easily and it may become in the combustion catalyst part 3. Air is simultaneously 
supplied to the combustion catalyst part 3, and the lean combustion gas which was made to perform 
lean combustion and was generated is supplied to the reforming catalyst part 4 and the hydrogen path 
6 of the film reactor 2 through the combustion gas passage 12 to the combustion gas passage 10 and 
the hydrogen path 6 to the reforming catalyst part 4. 

[0049]The combustion gas supphed here is made into the lean combustion gas which does not 
include fuel so that hydrogen by a reforming reaction may not occur in the reforming catalyst part 4. 
Thus, it becomes possible to carry out temperature up of the hydrogen separation membrane 5 
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promptly, and to raise the starting nature of a system by supplying combustion gas to each part of the 
film reactor 2. If the temperature and the pressure of the hydrogen separation membrane 5 are 
supervised by the control unit 1 5 and the temperature of the hydrogen separation membrane 5 
reaches a predetermined value, will start a reforming reaction, but. It becomes possible to avoid 
hydrogen embrittlement certainly by setting up highly the temperature of the hydrogen separation 
membrane 5 which also takes a pressure into consideration simultaneously, and starts a reforming 
reaction when a pressure is high. 

[0050]The flow chart of the control perfomied by the controller 15 at the time of starting of this fuel 
reforming system is shown in drawing 5 . 

[0051]It is judged whether like a 1st embodiment, the temperature and the pressure of the hydrogen 
separation membrane 5 are detected at Step S501, the lookup of a map is performed at Step S502, 
and the hydrogen separation membrane 5 has hydrogen embrittlement at Step S503. When it is the 
field which hydrogen embrittlement generates, i.e., the use improper field of drawing 2 , it progresses 
to Step S504, and the switch valve 21 is changed to the combustion-gas-exhaust passage 20 side. 
Then, fuel and air are supplied to the burner 14 at Step S505, and rich combustion gas is generated. 
[0052]At Step S506, the control-of-flow valve 9 to the combustion catalyst part 3 is opened wide, 
rich combustion gas is supplied to the combustion catalyst part 3, air is supplied to the combustion 
catalyst part 3 at Step S507, and the combustion catalyst part 3 generates fiirther hot lean combustion 
gas. Next, in Step S508, the control-of-flow valve 1 1 to the reforming catalyst part 4 and the control- 
of-flow valve 13 to the hydrogen path 6 are opened wide, and lean combustion gas is supplied to the 
reforming catalyst part 4 and the hydrogen path 6. Thus, by supply to the film reactor 2 of 
combustion gas, although temperature up of the hydrogen separation membrane 5 is performed. 
When the field which hydrogen embrittlement does not generate in the hydrogen separation 
membrane 5, i.e., the usable field of drawing 2 . is arrived at, Supply of the combustion gas to the 
film reactor 2 is suspended by blockading the control-of-flow valve 9 of the combustion catalyst part 
3, the control-of-flow valve 1 1 to the reforming catalyst part 4, and the control-of-flow valve 13 to 
the hydrogen path 6 at Step S509, and suspending the air to the burner 14, and supply of fuel at Step 
S510. Fuel is supplied to the evaporator 1 at Step S51 1 after that, and by changing the switch valve 
21 to the fuel cell 7 side at Step S512, hydrogen is sent to the stack 7 and it generates electricity with 
the air by which the supply start was carried out. 

[005 3] Thus, since temperature up of the hydrogen separation membrane 5 can be efficiently carried 
out by supplying the combustion gas generated with the bumer 14 to the combustion catalyst part 3, 
performing lean combustion and supplying the high temperature combustion gas obtained as a result 
to the reforming catalyst part 4 and the hydrogen path 6, warm-up time can be shortened more. 
[0054]If the pressure of drawing 2 is made into the hydrogen content pressure deficit by the side of 
the reforming catalyst part 4 which is a hydrogen path [ which is a penetration side ] 6, and reformer 
side, hydrogen embrittlement can be prevented more correctly. For the purpose, what is necessary is 
to form the sensor which detects both pressures and gas constituents of the reforming catalyst part 4 
and the hydrogen path 6, and just to compute a hydrogen content pressure deficit fi-om such detected 
quantity. 

[005 5] As mentioned above, although the control method at the time of starting of the fuel reforming 
system which applied the fibn reactor 2 was mainly explained in the embodiment of this invention, 
In the state where embrittlement of the hydrogen separation membrane 5 does not take place, the 
control method of starting a reforming reaction is applied also in the fuel reforming system which 
applied the hydrogen separation membrane 5, for example, a system which has independently the 
reforming catalyst part 4 and the hydrogen separation membrane 5. Although direct supply of the 
combustion gas is carried out to reforming catalyst part 4 grade, a heat exchange type thing may be 
used. Thus, it cannot be overemphasized that various change can accomplish within the range of the 
technical idea which this invention is not necessarily limited to the above-mentioned embodiment, 
and was indicated to Claims. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

FDrawing li lt is a lineblock diagram of the fuel reforming system in a 1st embodiment. 
[Drawing 21 It is a related figure of a pressure and temperature which hydrogen embrittlement 
generates. 

[Drawing 31 It is a flow chart of the start control in a 1st embodiment. 

[Drawing 41 It is a lineblock diagram of the fuel reforming system in a 2nd embodiment. 

[Drawing 51 It is a flow chart of the start control in a 2nd embodiment. 

[Description of Notations] 

1 Evaporator 

2 Film reactor 

3 Combustion catalyst part 

4 Reforming catalyst part 

5 Hydrogen separation membrane 

6 Hydrogen path 

7 Fuel cell 

8 Combustion gas passage 

9 Control-of-flow valve 

10 Combustion gas passage 

1 1 Control-of-flow valve 

12 Combustion gas passage 

13 Control-of-flow valve 

14 Bumer 

1 5 Control unit 

16 Thermometer 

17 Pressure gauge 

1 8 Combustion part flueway 

19 Hydrogen supply passage 

20 Combustion-gas-exhaust passage 

2 1 Switch valve 

22 Reformed gas passage 
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